. Distribution of radioactivity in mice injected with "'In-labelled liposomes containing anti-(target cell) IgG Meth 'A' tumour-bearing Balb 'C' and 6C3HED tumour-bearing C3H mice were injected with liposomes (3min sonication) as in (a)-(c) and in (d) and (e) respectively. In (c), liposomes were given immediately after the injection of 'empty' liposomes. All animals were killed 24h after treatment, and "'In was measured in the liver, spleen and tumours (interscapular area). Injectedliposomes contained 0.21-0.32mg of lipid, 6.5 x lo5-2.6 x 106c.p.m. of "'In and, when appropriate, Numbers in parentheses denote animals used. L followed by symbols in parentheses denotes liposomes containing bleomycin (B1) and the appropriate IgG. (Dapergolas et al., 1976) and other substances unstable in, or unabsorbable by, the gut could be administered intragastrically via liposomes. Our work (Dapergolas & Gregoriadis, 1976) suggested that intragastrically given insulin entrapped in liposomes composed of DL-a-dipalmitoyl phosphatidylcholine and cholesterol was capable of lowering blood glucose concentrations in diabetic rats over a 24h period.
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The effect, apparent even with 1.0 unit of the hormone, was less pronounced in normal rats. Insulin entrapped in egg phosphatidylcholine/cholesterol liposomes was not as effective, and the difference was tentatively attributed to the decreased fluidity of dipalmitoyl phosphatidylcholine liposomes, which at the body temperature would be more resistant to both pancreatic phospholipases and the action of detergents in the gut. We have extended this work and investigated the effect of a number of liposomal phospholipids (unsaturated, saturated and of various fatty acid chain lengths) on the blood-glucose-concentration-lowering action of entrapped insulin after intragastric administration into diabetic rats. In parallel studies we have explored the possibility of using liposomes for the intragastric administration of tubocurarine, which in its free form cannot be absorbed by the gut. Sources and grades of insulin, lZsI-labelled insulin, streptozotocin, egg phosphatidylcholine, DL-a-dipalmitoyl phosphatidylcholine and cholesterol have been described elsewhere (Dapergolas & Gregoriadis, 1976) . All other phospholipids were synthetic (Lconfiguration) and purchased from Sigma (London) Chemical Co., London S.W.6, U.K.). Insulin (80 units in 2ml as obtained from the manufacturer) mixed with a tracer of 1z51-labelled insulin was entrapped in liposomes composed of a phospholipid and cholesterol (molar ratio 7 : 2; 40-80pmol of phospholipid) as previously described (Dapergolas & Gregoriadis, 1976) . Although entrapment in dipalmitoyl phosphatidylcholine and distearoyl phosphatidylcholine liposomes (disruption of the lipid film) was carried out at about 45-50°C, sonication (2min) of all preparations was performed at 4°C. Separation of the entrapped insulin was carried out in a Sepharose 6B column equilibrated with 6m~-sodium phosphate buffer, pH6.8, and packed in a 25ml pipette the tip of which was blocked with glasswool. It was observed that passage of such liposomes through the column was more effective when the Sepharose had been used and washed several times previously. Precipitation of unentrapped insulin in the column, if any, did not interfere with the elution of insulin-containing liposomes at the end of the void volume. Judged from radioactivity measurements, about 9-1 1 % of the insulin Bucks., U.K.) was entrapped (6.2-8.9 % of the drug used) as above in liposomes (5 min sonication) composed of phospholipid, cholesterol and phosphatidic acid (molar proportions 7 : 2 : 1). Table 1 shows results obtained from diabetic (Dapergolas & Gregoriadis, 1976) rats treated intragastrically with liposomal insulin. Because of persistently low entrapment values of insulin in dimyristoyl phosphatidylcholine and dilauroyl phosphatidylcholine liposomes, rats treated with such preparations were given one-tenth of the dose administered to other groups. This made possible the administration to all rats of approximately the same amount of liposomal lipid (14-2Omg). The amount of liposomal lipid could influence the extent of liposome disruption in the gut and therefore the extent of insulin transport into the circulation. The results obtained confirmed the tendency (Dapergolas & Gregoriadis, 1976) of insulin entrapped in liposomes composed of egg phosphatidylcholine to be less effective in the extent or duration of the lowering of blood glucose concentrations than when entrapped in saturated liposomes (Table 1) . It is noteworthy that 0.3unit of insulin entrapped in liposomes composed of phospholipids with shorter fatty acid chain was considerably more effective than 2.9 units of the hormone entrapped in liposomes composed of phospholipids with longer fatty acid chain (Table 1) . Previous suggestions (Dapergolas & Gregoriadis, 1976 ) that the transition temperature of the liposomal phospholipid could influence resistance of the carrier to the gut juices (Op den Kamp et al., 1974) should be now supplemented with the possibility of increased liposomal resistance due to the less physiological nature of phospholipid components (i.e. shorter fatty acid chain).
Table 1. Blood glucose concentrations in diabetic rats treated with liposome-entrapped insulin
Rats in groups of five were treated intragastrically with insulin entrapped in liposomes com ratio 7:2). For each group of rats a group of five rats was treated similarly with free insulin measured in individual rats within each group before treatment. P refers to probability of sign In preliminary experiments it was found that the LD,, for normal rats treated intraperitoneally with (+)-tubocurarine was 25pg/lOOg body wt. In a similar test in which the intragastric route was used 5 mg of the drug had no appreciable effect. Rats in groups of four given intragastrically free (4.0 mg of drug) or liposome-entrapped (+)-tubocurarine (2.0-4.0mg drug; 15-18mg of lipid; 2 x 1OSd.p.m.) were kept in metabolism cages for the collection of 24 h faeces. All animals given entrapped (+)-tubocurarine became sick or very sick within 2 h after treatment. Judged from the appearance of the animals the effect was greater with dipalmitoyl phosphatidylcholine, and in one experiment one rat died in less than 2 h after receiving 2mg of the entrapped drug. I4C radioactivity measurements in the blood serum and tissues of rats killed at 4 and 24 h suggested increased transport of the drug given in the entrapped form into the blood circulation. However, 61.0k7.5 % (four rats) and 51.1 _+ 1.4% (~s . E . ) (four rats) of the dose was recovered in the 24 h faeces of rats treated with dimyristoyl phosphatidylcholine and dipalmitoyl phosphatidylcholine liposomes respectively. There was 87.4*4.2% of the dose in the faeces of rats treated with the free drug. As with liposomal insulin (Dapergolas & Gregoriadis, 1976) , tubocurarine in the blood appeared to have retained its association with the carrier ( 
